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(57) Abstract 

A method and apparatus for sensing one 
or more physical parameters, including acous- 
tic waves having frequencies from approxi- 
mately 0 Hz to 15 Hz, electromagnetic waves 
having frequencies from approximately 0 Hz 
through 35 Hz and seismic waves having fre- 
quencies from approximately 0 Hz through 
15 Hz, and detecting precursor seismic ac- 
tivity indicated therein. Acoustic waves are 
sensed using an infrasonic transducer (22) that 
produces an electrical signal representative 
of such waves. Electromagnetic waves are 
sensed using a suitable antenna (13X the an- 
tenna preferably comprising AC power lines. 
The antenna produces an electrical signal rep- 
resentative of such waves. Seismic waves 
are sensed using an accelerometer (28) that 
produces an electrical signal representative of 
such waves. In one embodiment of the inven- 
tion, the electrical signals are routed to a sig- 
nal conditioning mechanism (16) that converts 
the signals into detect signals suitable for de- 
tection of precursor seismic activity, the detect 
signals being, in turn, routed to a processing 
unit (32) for detection of precursor seismic ac- 
tivity. 
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NEZHOD AHD APPARATUS FOR DETECTING 
XXKAL PRECURSOR SEISMIC ACTIVITY 

This application relates to a method and apparatus for 
detecting seismic activity, particularly for detecting local 
precursor seismic activity so as to forecast an impending 
earthgueike • 

The often devastating toll taken by earthquakes in life 
and property is well known. It has long been recognized that 
the toll could be reduced if people within an impending 
quake's focal area were warned to prepare. Although 
preparation is unlikely to prevent structural damage to 
commercial and residential buildings, or to infrastructure 
such as bridges and roadways, preparation could reduce deaths 
and serious injuries, for instance by people seeking 
appropriate shelter or retreating from dangerous locations, 
such as from unreinforced brick buildings. Moreover, 
preparation is likely to reduce the psychological trauma often 
attributable to an earthquake's sudden onslaught. In 
addition, preparation is likely to reduce personal property 
casualty such as that related to structural or utility 
failures, eind the fires often associated therewith. 
Accordingly, it is desirable to provide a mechanism for 
forecasting the possible occurrence of an earthquake. 

An eearthquake ' s toll results from the seismic waves 
defining the earthquake. Seismic waves include two types: 
body waves and surface waves. Body waves comprise primary (or 
P) waves and secondary (or S) waves that propagate within the 
earth's body. P waves are longitudinal waves that alternately 
push (compress) and pull (dilate) the ground in the direction 
of propagation. S waves are transverse waves that shear the 
ground in planes perpendicular to the direction of 
propagation. 

Surface waves comprise Love waves and Rayleigh waves that 
propagate at or near the earth's surface. Love waves shear 
the ground sideways at right angles to the direction of 
propagation, much like S waves, but without S waves' vertical 
shearing. Rayleigh waves displace the earth both vertically 
and horizontally in a vertical plane that lies in the 
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direction of propagation, whereby a particle of earth will 
travel an elliptical path as the wave passes, much like a 
water molecule in rolling ocean waves. 

Body waves travel more rapidly than surface waves. Of 
5 the surface waves, Love waves generally travel faster than 
Rayleigh waves and, of the body waves, P waves generally 
travel faster than S waves. When an earthquake is occurring, 
the P waves are felt first, like a thud or blow, and 
thereafter the S waves arrive, as indicated by up-and-down and 

10 side-to-side motion. Thereafter, the surface waves strike, 
causing the ground to shake side-to-side and to roll. 

The body and surface waves generally are monitored during 
an earthquake to gauge the earthquake's intensity. Being 
contemporaneous with and defining earthquakes, these waves 

15 cannot be used for forecasting. Forecasting relies on 

identification of other physical parameters that, in their 
occurrence or variance, indicate an in^nding earthquake. 
These parameters, when indicating an intending earthqucdce, are 
sometimes referred to herein as "precursor seismic activity". 

20 Techniques have heretofore been proposed for forecasting 

earthquakes relying on sensing various physical parameters* 
These parameters have included chsuiges in animal behavior 
patterns, build-up of strain in the rocks of the esurth's 
crust, changes in seismic P wave velocities, uplift and tilt 

25 of the earth, increases in the emission of radon gas, and 

changes in the earth's electrical resistivity, magnetic and 
electromagnetic fields, or current. Other physical 
parameters, as well as apparatuses and techniques for sensing 
these parameters, have also been proposed in attempts to 

30 detect precursor seismic activity so as to forecast impending 
earthquakes. However, the techniques using these parameters 
have not provided adequate forecasting due to, eunong other 
things, difficulty in detection of precursor seismic activity 
therefrom. 

35 Accordingly, there is a need for an improved method and . 

apparatus for detecting seismic activity, . particularly 
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precursor seismic activity so as to forecast an iinpending 
earthquake. 

SummarY of the Invention 

The present invention fulfills the aforementioned need by 
providing a method and apparatus that senses one or more of 
several physical parameters, including infrasonic atmospheric 
acoustic waves, electromagnetic waves having frequencies from 
approximately 0 Hz through 35 Hz and seismic waves having 
frequencies from approximately 0 Hz through 15 Hz, so as to 
detect precursor seismic activity. The acoustic waves are 
sensed using an infrasonic transducer that produces an 
electrical signal representative of sensed acoustic waves. 
The electromagnetic waves are sensed using a suitable antenna. 
The antenna preferably comprises the power grid so as to 
accommodate the long wavelength of these extremely low 
frequency waves. The antenna produces an electrical signal 
representative of sensed electromagnetic waves. The seismic 
waves are sensed by using an accelerometer sensitive to the 
low frequency, long wavelength^ low amplitude and associated 
acceleration of these waves, and produces an electrical signal 
representative of sensed seismic waves. 

The electrical signals, so produced, are used to detect 
precursor seismic activity. In one embodiment of the 
invention, all of the electrical signals are routed to an 
analog-to-digital converter that converts the signals into 
digital signals which, in turn, are routed to a processing 
unit for detection of precursor seismic activity. The 
detection mechanism preferably is implemented in digital 
signal processing (DSP) circuitry. 

In another embodiment, the electrical signal 
representative of the electromagnetic radiation is passed 
through a low-pass filter to defeat undesirable high-frequency 
components, and is then passed through one or more high-Q 
band-pass filters to isolate one or more desired frequency 
components. The isolated components €u:e then converted to 
-^rdigital signals that are provided to the processing unit for 
detection of precursor seismic activity. The signals 
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representative of the acoustic waves and seismic waves in this 
embodiment preferably are processed, and precursor seismic 
activity detected, substantially similarly to that of the 
first embodiment* 

The processing unit preferably controls an I/O stage. 
The I/O stage alerts the user of a potentially impending 
earthquake in any of various ways, e.g., using audio, display 
or other alarms. The processing unit triggers the I/O stage's 
alarms when precursor seismic activity is detected. 

Accordingly, it is a principle object of the present 
invention to provide a novel and inproved method and apparatus 
for detecting seismic activity. 

It is another object of the present invention to provide 
such a method and apparatus wherein seismic activity is 
detected so as to forecast an intending earthquake. 

It is a further object of the present invention to 
provide such a method and apparatus so as to forecast an 
isqpending earthquake by sensing a physical parameter so as to 
detect precursor seismic activity indicated therein. 

It is yet another object of the present invention to 
provide such a method and apparatus wherein more than one 
precursor physical parameter is sensed to detect precursor 
seismic activity, so as to forecast an impending earthgufUce. 

It is yet a further object of the present invention to 
provide such a method and apparatus wherein more than one 
physical parameter is sensed so that forecasts of an impending 
earthquake are made at selected times in advance of the quake, 
each advance time associated with detections using one of the 
sensed physical parameters. 

It is another object of the present invention to provide 
such a method and apparatus wherein inf rasonic atmospheric 
acoustic waves, electromagnetic waves in the 1-35 Hz frequency 
band, and seismic waves having frequencies in the 1-15 Hz 
frequency band are sensed, alone or in combination. 

It is a further object of the present invention to 
provide such a method and apparatus using digital signal 
processing circuits to recognize waveforms indicative of an 
impending earthquake. 
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It is yet another object of the present invention to 
provide such a method and apparatus for forecasting an 
impending earthquake with sufficient advance notice to permit 
preparatory measures to be taken, so as to reduce deaths, 
5 injuries, psychological trauma and property damage that may 
result from the earthquake. 

It is yet a further object of the present invention to 
provide such method and apparatus that is easy to use, 
economical, relied>le and portable. 
10 The foregoing and other objects, features and advantages 

of the invention will be more readily understood upon 
consideration of the following detailed description of the 
invention, taken in conjunction with the accompanying 
drawings • 

15 Brief Description of the Drawings 

Figure 1 is a block diagram of an apparatus for sensing 
predetermined electromagnetic, acoustic and seismic waves and 
detecting precursor seismic activity therefrom, according to 
the present invention. 
20 Figure 2 is perspective view of a mech€mism for sensing 

acoustic waves according to the present invention. 

Figure 3 is a side, partial cross section of the 
mechanism of Figure 2, taken along line 3-3 thereof. 

Figure 4 is a block diagram of a mechanism for detecting 
25 precursor seismic activity using sensed acoustic waves or 
seismic waves, according to the present invention. 

Figure 5 is a block diagram of a mechanism for detecting 
precursor seismic activity using sensed electromagnetic waves, 
according to the present invention. 
30 Figure 6 is a block diagreun of an alternative mechanism 

for detecting precursor seismic activity from sensed 
electromagnetic radiation, according to the present invention. 

Figures 7 A and 7B are schematic diagrams of the circuit 
of Figure 6, according to the present invention. 
35 Figure 8 is schematic diagram of a frequency detection 

channel .(FDC) shown in Figures 7A and 7B, according to the 
present invention. 
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Figure 9 is a flowchart of a process for detecting 
precursor seismic activity using the mechanism of Figure 6, 
according to the present invention. 

Detailed Description of the Invention 

Referring to Figure 1, an apparatus for detecting 
precursor seismic activity includes an acoustic wave sensing 
mechanism 10, an electromagnetic wave sensing mechanism 12, a 
seismic wave sensing mechanism 14, a signal conditioning 
mechanism 16, a detection mechanism 18 and an input/output 
(I/O) stage 20. 

The physical parameters sensed by respective sensing 
mechanisms 10, 12 and 14 include (i) atmospheric acoustic 
waves (ii) electromagnetic waves, and (iii) seismic waves. 
These waves individually, or in combination, are associated 
with precursor seismic activity. Accordingly, proper sensing 
and detection of these waves individually, or in combination, 
provides for forecasting of earthquakes. The acoustic waves 
correspond to seismic waves associated with precursor seismic 
activity, the seismic waves propagating in the earth and 
ultimately emerging at the surface of the earth for 
transmission into the atmosphere as infrasonic acoustic waves 
inaudible to humans. Forecasts based on sensing these 
acoustic waves typically precede an associated quake by 
approximately 3 days. Precursor seismic activity is also 
detectable in electromagnetic waves having frequencies from 
approximately 0 Hz through 35 Hz, or seismic waves having 
frequencies from approximately 0 Hz through 15 Hz, or both. 
Forecasts based on sensing these electromagnetic waves, which 
are characterized by low amplitude and long wavelengths, 
typically precede an associated earthquake by approximately a 
week or more. Similarly, forecasts based on sensing these 
seismic waves, which also are characterized by low amplitudes 
and long wavelengths, typically precede an associated 
earthquake by time periods measured in seconds up to minutes. 

The acoustic wave sensing mechanism 10 preferably 
comprises a transducer 22 sensitive to predetermined acoustic 
waves propagating in the atmosphere. The transducer 22, in a 
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preferred embodiment, senses acoustic waves having frequencies 
from approximately 0 Bz through 15 Hz, i.e., infrasonic 
acoustic waves. In addition, the transducer 22 preferably is 
tuned so as to substantially reject acoustic waves outside 
5 that bandwidth. It is to be recognized, however, that 
transducers sensitive to other, broader or narrower, 
bandwidths may be used without departing from the principles 
of the invention. 

The transducer 22 produces an electrical signal 

10 representative of sensed acoustic waves. Preferably, the 
transducer 22 is not sensitive to ambient atmospheric 
pressure, or temperature, or changes in either. However, 
where the transducer is sensitive to pressure or tenperature, 
or changes therein, measures preferably are inplemented to 

15 defeat any such sensitivity. To that end, the tremsducer 22 
as shown in Figure 1 is enclosed in a sealed chamber 24 so as 
to defeat sensitivity to pressure or changes therein. In 
addition, tenperature sensor 26 is enployed which senses 
ambient temperature and produces a signal representative 

20 thereof so as to provide for compensation of any tenperature 
sensitivity of the transducer 22. Compensation preferably is 
inqplemented by cheuracterizing and responding to the 
transducer's deviations from ideal performance relative to 
temperature. It is to be recognized that various techniques 

25 for excluding, compensating or otherwise defeating any 

transducer sensitivity to atmospheric pressure or temperature, 
or changes therein (or other cunbient phenomena, or spurious 
waves associated therewith, to which the transducer 22 may be 
sensitive) are known in the art and may be employed without 

30 departing from the principles of the invention. 

In using the apparatus, the transducer 22 preferably is 
installed for substantially optimal reception of infrasonic 
acoustic waves, so as to maximize the range and reliability of 
the apparatus. The infrasonic acoustic waves not only are 

35 generally inaudible to people, but also are of such low 
amplitude that they can only be sensed using a sensing 
mechanism 10, such as thd-* transducer 22. However, sensing 
using a transducer 22 may -be- impeded, particularly by damping. 
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Dainping occurs, for instance, as the waves propagate away from 
the earth's surface. Accordingly, the transducer 22 
preferably is installed on or adjacent the earth's surface. 
Preferably, the transducer 22 is installed within 25 feet of 
the earth's surface. 

A preferred embodiment of the transducer 22, as shown in 
Figures 2 and 3, comprises a body 200, diaphragm 202, a first 
transmission element 204, a connector 206, bearing elements 
208, a coil 210, and a magnet 212. As further described 
below, the diaphragm 202 is attached to one end of the body 
200. In turn, the first tremsmission element 204, at one end, 
is affixed to the diaphragm 202 and at the other end, is 
affixed to one end of the connector 206. The connector 206 is 
affixed at its other end to the coil 210* 

The body 200 has a chcunber 214 disposed in one end 
thereof, the chamber 214 comprising an outer portion 216, 
middle portion 218 and an inner portion 220. The body 200 
preferably is constructed using ceramic materials, but it is 
to be recognized that other materials, such as plastics or 
metals, may be employed without departing from the principles 
of the invention. The body 200 preferably has a substantially 
cylindrical shape, having a length of about 1.5 inches and a 
cross-»sectional diameter of about 1 inch. 

The diaphragm 202 preferably has a substantially domed 
shape, the dome having an enclosed volume 222 and a base 
diameter substantially equal to the cross-sectional diameter 
of the body 200. At its base, the diaphragm 202 is affixed to 
the body 200, adjacent the outer portion 216 of the body's 
chamber 214. The diaphragm 202, so affixed, seals the body 
200, thereby creating a cavity 224. The cavity 224 comprises 
the chamber 214 and the diaphragm's enclosed volume 222, and 
has a predetermined atmospheric pressure therein. The 
predetermined atmospheric pressure prefercJbly provides for 
substantially mid-range operation of the transducer 22. That 
is, the pressure is not so low or high (relative to the range 
of ambient atmospheric pressures likely to be encountered in 
operation) that the transducer's sensitivity to infrasonic 
acoustic waves is substantially isqpeded. In the alternative. 
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the cavity 224 may be vented to the ambient atmosphere by 
means of a small hole in the body 200 so that static pressures 
on both sides of the diaphragm 202 are substantially equalized 
and only sound pressure is sensed. The diaphragm 202 
5 preferably is constructed using ceramic materials, and has a 
, thickness of 0*001 to 0.002 inches, and is affixed to the body 

200 using an adhesive capable of creating and maintaining the 
seal. It is to be recognized, however, that other shapes, 
materials, thicknesses, or affixation agents or mechanisms, 

10 such as ultrasonic welding, may be employed without departing 
from the principles of the invention. 

The first transmission element 204 preferably is 
constructed using ceramic materials, and is affixed to the 
diaphragm 202 using ultrasonic welding. The transmission 

15 element 204 preferably is fixed at a plurality of points, 

along a circular line, or over a relatively large surface. It 
is to be recognized, however, that other materials, affixation 
agents or mechanisms, or affixation geometries may be employed 
therefor, without departing from the principles of the 

20 invention. 

The connector 206 preferably comprises a metal pin, 
although other materials may be used without departing from 
the principles of the invention • 

The coil preferably comprises 60 gauge wire, wound around 

25 a second transmission element 224, and having output leads 
228. The second transmission element 224 preferably is 
constructed using ceramic materials and has a longitudinal 
aperture 226 disposed on the end of the element 224 opposite 
affixation to the connector 206. The aperture 226 preferably 

30 is shaped as a right-cylinder, as described further below. 

The coil 210 preferably has a impedance of 168 ohms. It is to 
be recognized, however, that other materials and shapes may be 
employed without departing from the principles of the 
invention. 

. 35 The first transmission element 204, affixed to the 

diaphragm 202, is disposed in the outer portion 216 of the 
chamber 214, extending up into the diaphragm's enclosed volume 
222. In turn, the connector 206 is disposed through the 
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chamber's middle portion 218, and the coil 210 is disposed in 
the chamber's inner chamber 220* The connector 206 preferably 
is aligned and slidably supported in the middle portion 218 by 
the bearing elements 208* The bearing elements 208 preferably 
5 comprise three ruby jewels disposed at the approximate mid- 
point of the chamber's middle portion 218, substantially at 
. 120 • to one another. 

The first transmission element 204, the connector 206 and 
the coil 210 are disposed so as to be aligned in respective 

10 portions 216, 218 and 220. In addition, the first 

transmission element 204, the connector 206 and the coil 208 
preferably have cross-sectional shapes substantially 
corresponding to the shapes of the respective portions 216, 
218 and 220, all having smaller cross-sectional dimensions 

15 than those respective portions. For example, the outer and 

inner portions 216 and 220 of the chamber 214, as shown, have 
substantially round cross-sectional shapes and the first 
transmission element 204 and the coil 210 disposed 
respectively therein preferably have substantially round 

20 cross-sectional shapes of smaller diameters than the portions 
216 and 220. In addition, the coil 210 has a length Li that is 
shorter by a predetermined amount than the length L2 of the 
chamber's inner portion 220. The difference between and L2 
preferably is determined so as to accommodate the range of 

25 displacement that coil 210 is likely to encounter in 
operation* 

Having such dispositions, shapes and dimensions relative 
to respective portions 216, 218 and 220, the first 
transmission element 204, the connector 206 and the coil 210 

30 move substantially uniji^eded within the respective portions 
216, 218 and 220. It is to be recognized, however, that the 
cross-sectional shapes of the first transmission el^ent 204, 
the connector 206 and the coil 210 may correspond to shapes 
other than the shapes of respective portions 216, 218 and 220 

35 without departing from the principles of the invention, 

provided the relative shapes allow substantially uninipeded 
movement therebetween. 
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The magnet 212 is affixed to the body 200 at the closed 
end of the chamber's inner portion 220. Although the magnet 
212 preferably is a permanent magnet, it is to be recognized 
that the magnet 212 may be constructed using any suitable 
5 material without departing from the principles of the 

invention. It is also to be recognized that the magnet 212 
may be affixed to the body 200 using adhesive or other 
affixation agents or mechanisms without departing from the 
principles of the invention. The magnet 212 is shaped so that 

10 the magnet is accommodated within the aperture 226 of the 

coil's second transmission element 224. Because the aperture 
226 preferably has a right-cylindrical cross^-sectional shape, 
the magnet 212 preferably is shaped as a right-cylinder, 
having a diameter less than that of the aperture 226. The 

15 length of the magnet 212 is selected in light of the relative 
lengths Lx of the coil 210 and L2 of the chamber's inner 
portion 220, respectively, so as to accommodate the range of 
displacement the coil 210 is likely to encounter in operation. 
In operation, the transducer 22 produces an electrical 

20 signal representative of sensed acoustic waves, by sensing 

changes in sound pressure. That is, the infrasonic acoustic 
waves reciprocally deflect the diaphragm 202. The diaphragm's 
reciprocal movement is transmitted to the coil 210 by the 
first transmission element 204 and the connector 206. The 

25 coil's movement relative to the magnet 212 generates the 
electrical signal, according to fundamental principles of 
physics. The signal is produced at the leads 228. In this 
embodiment, the transducer 22 is largely insensitive to 
ambient atmospheric pressure, or changes therein, that relate 

30 to weather patterns. Accordingly, the transducer 22 of Figure 
2 may be used in the absence of the chamber 24 shown in Figure 
1, without departing from the principles of the invention. 

The seismic wave sensing mechanism 14 preferably 
comprises an accelerometer 28 sensitive to predetermined 

35 accelerations. The accelerometer 28, in a preferred 

embodiment, detects accelerations manifest at the earth's 
surface associated with seismic waves. More specifically, the 
accelerometer 28 preferably is sensitive to seismic waves 
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having (i) frequencies from approximately 0 Hz through 15 Hz, 
and (ii) accelerations on the order of milli-g*s, where "g" is 
the standard unit of acceleration equal to 32.17 ft/sec^. In 
addition, the accelerometer 28 preferably is tuned so as to 
5 substantially reject waves having frequencies outside the 0-15 
Hz band. It is to be recognized, however, that accelerometers 
28 sensitive to other, broader or narrower bandwidths, 
amplitude ranges or acceleration ranges, may be used without 
departing from the principles of the invention. 

10 The accelerometer 28 produces an electrical signal 

representative of sensed seismic waves. Preferably the 
accelerometer 28 comprises one or more piezoelectric seismic 
accelerometers, but it is to be recognized that other types of 
accelerometers, including micromercury switches, may be used 

15 without departing from the principles of the invention. 

Various types of piezoelectric accelerometers are described in 
the Vibration and Shock Sensor Selection Guide, SSG-601, by 
PCB Piezotronics, particularly pages 42-43 for low cost 
accelerometers, and pages 92-105 for general descriptions of 

20 operation, configuration, selection and installation. That 
Guide is hereby incorporated by reference. 

The electromagnetic wave sensing mechanism 12 senses 
predetermined electromagnetic frequencies and produces an 
electrical signal representative thereof. The sensing 

25 mechanism 12, in a preferred embodiment, comprises an antenna 
sensitive to electromagnetic waves having frequencies from 
approximately 0 Hz through 35 Hz. It is to be recognized, 
however, that an antenna sensitive to other, broader or 
narrower, bandwidths may be used without departing from the 

30 principles of the invention. 

The electromagnetic wave sensing mechanism 12 preferably 
employs the AC power lines 13 that are widely used to 
distribute power from and among power generating facilities 
and ultimately to end-user *s such as homes, office and the 

35 like. The..AC power lines 13 make up a complex network of 
wire, often referred to as the power grid, and have 
characteristics particularly suitable for sensing the 
predetermined: frequencies of electromagnetic waves. First, by 
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basic principles of antenna design theory, a wire antenna 
sensitive to electromagnetic waves of approximately 35 Hz 
preferably has a length on the order of 10^ kilometers, which 
length increases for lower frequencies. The AC power lines 13 
5 provide a practical wire antenna having a suitably long 

overall length. Second, the low-frequency electromagnetic 
waves associated with precursor seismic activity tend to 
propagate substantially vertically from the earth's surface 
and are of relatively low power, such that an antenna sensing 

10 such waves preferably is disposed horizontal to and adjacent 
the earth's surface. The AC power lines 13 provide such 
antenna as the lines generally are strung substantially 
horizontally to and relatively close to the earth's surface* 
Third, the apparatus is intended for use in forecasting 

15 earthquakes at geographically diverse locations, so as to 
require antennas at such locations. The AC power lines 13 
substantially blanket vast geographic areas and generally may 
be individually and readily tapped at homes, offices and other 
locations where the apparatus is likely to be used. Moreover, 

20 in blanketing vast geographic areas, the AC power lines 13 
provide an antenna capctble of sensing precursor seismic 
activity that, although relatively remote from the user, may 
manifest as an earthquake at the user's location. It is to be 
recognized, however, that the AC power lines 13 inadequately 

25 cover some geographic areas and, indeed, leave entirely 
uncovered other geographic areas; in those areas, the 
apparatus may be implemented using an electromagnetic wave 
sensing mechanism 12 comprising an antenna of other design, 
such as loop or coil antennas, tuned for the predetermined 

30 frequency bandwidth. 

The respective electrical signals produced by the 
respective sensing mechanisms 10, 12 and 14 are routed to the 
signal conditioning mechanism 16. The signal conditioning 
mechanism 16. conditions the electrical signals so as to 

35 produce signals suitable for use by the detection mechanism 18 
in the detection of precursor seismic activity. The signal 
conditioning mechanism 16 may comprise transformers, 
rectifiers, voltage dividers, filters, asplifiers or 
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conqpensation circuitry, in various combinations, so as to, 
among other things, optimize selectivity and sensitivity, to 
compensate for non-ideal behavior in the sensing mechanisms 
10, 12 or 14, to minimize effects of noise, or to perform 
5 other functions. The signal conditioning mechanism 16 
preferably produces digital signals, but it is to be 
recognized that the mechanism 16 could produce analog signals 
or digital signals, or a combination of both, without 
departing from the principles of the invention. If digital 

10 signals are produced, in particular if the detection mechanism 
18 is implemented using digital circuitry, the signal 
conditioning mechanism 16 preferably comprises, as shown in 
Figure 1, an analog-to-digital converter (ADC) 30 which 
converts the respective signals of sensing mechanisms 10, 12 

15 and 14 into digital signals representative of such analog 
signals and, correspondingly, representative of the sensed 
acoustic waves, electromagnetic waves, and seismic waves, 
respectively. (Hereafter, the electrical signals produced by 
respective sensing mechanisms 10, 12 and 14 will sometimes be 

20 referred to as detect signals.) 

The ADC 30 preferably also receives the temperature 
signal produced by the temperature sensor 26. The ADC 30 
converts that signal to a digital temperature signal for use 
by the detection mechemism 18 in compensating for any 

25 temperature-related inaccuracies of the acoustic wave sensing 
mechanism 10. 

The signal conditioning mechanism 16, as respects the 
electromagnetic wave sensing mechanism 12, preferably 
comprises a standard three-prong plug 58 insertable in a 

30 standard three-receptacle wall socket 57, as are present in a 
home, office or the like. The plug 58, when inserted in the 
socket 57, connects to the sensing mechanism 12, i.e., the AC 
power lines 13. Preferably the three-prong plug 58 comprises 
a transformer 59 so as to reduce the line voltage to a voltage 

35 level suitable for other signal conditioning operations. The 
detect signal produced by the transformer 59 is provided to a 
full wave rectifi^lr BO having a device ground tap 60A. The 
device ground tap -6 OA is coupled to one terminal of a 
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capacitor 62, and to one input of an amplifier 63. The 
capacitor's other terminal is coupled to the amplifier's other 
input and to earth ground, preferably through prong 58A when 
the plug 58 is inserted in socket 59. So referenced to earth 
5 ground, the detect signal is amplified and provided to the ADC 
30 for digital conversion. Although as shown the rectifier 60 
. is ec^loyed, it is to be recognized that the rectifier may be 
omitted from the signal conditioning mechanism 16 without 
departing from the principles of the invention, as the 
10 rectifier's primary purpose is to provide rectified power to 
power supply circuitry 61. The capacitor 62 preferably is 
nonpolarized and typically has capacitance of 1-50 
microfarads. 

As discussed further hereinafter with reference to 
15 Figures 6 through 9, additional analog circuitry is employed 
in a second embodiment of the signal conditioning mechanism 
respecting signals produced by electromagnetic wave sensing 
mechanism 12. 

The signal conditioning mechanism 16, as respects the 
20 acoustic and seismic wave sensing mechanisms 10 and 14, 
preferably conprises asqplif iers 63 for amplifying the 
respectively-produced detect signals. The amplifiers 63 
preferably comprise low noise precision operational 
amplifiers, for instance MAX414 operational amplifiers 
25 manufactured by MAXIM Integrated Products, Inc. of Sunnyvale, 
California. 

The detect signals produced by the signal conditioning 
mechanism 16 are routed to the detection mechanism 18. The 
detection mechanism 18 processes the detect signals so as to 

30 detect predetermined waveforms generally indicative of 

precursor seismic activity that may be present in any of the 
detect signals. 

The detection mechanism 18, as shown in Figure 1, 
comprises a processing unit 32 that receives the detect 

35 signals from the ADC 30. The processing unit 32 may be 

implemented using a programmed microprocessor, programmed 
digital signal processor, or other processing circuits 
performing digital signal processing operations. In addition. 
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the detection mechanisms may be integrated in a single 
application specific integrated circuit (ASIC), together with 
some or all of the signal conditioning mechanism 16, or other 
circuitry, or both. It is to be recognized that the detection 
mechanism 18 may be implemented in analog circuitry without 
departing from the principles of the invention* 

Turning to Figure 4, the processing unit 32 is shown in 
functional blocks representative of digital signal processing 
operations performed on detect signals associated with the 
acoustic and seismic wave sensing mechanisms 10 and 14. The 
processing unit 32 is substfimtially the same for both types of 
waves, except that the processing unit 32 also performs 
temperature compensation with respect to the detect signals 
associated with acoustic waves, as described above, using 
digital information corresponding to the temperature sensor's 
signal* It is to be recognized, however, that temperature 
compensation may be performed outside the detection mechanism 
18 without departing from the principles of the invention* It 
is also to be recognized that various techniques may be 
employed to exclude, conqpensate or otherwise detect 
teoperature or other undesirable sensitivities that may be 
manifest by components other than the acoustic wave sensing 
mechanism 10, without departing from the principles of the 
invention. In paurticular, it is preferred for extreme 
applications, wherein the apparatus is subject to relatively 
high temperatures, to provide temperature compensation for all 
affected circuitry. 

The processing operations corresponding to acoustic and 
seismic waves comprise filter 34, rectifier 36, slope up 
detector 38, slope down detector 40, slope trigger 42, slope 
comparator 44, peak detector 46 and seismic magnitude 
processor 48. In operation, the filter 34 receives detect 
signals from the signal conditioning mechanism 16. The filter 
34 defeats undesirable frequency components present in the 
detect signals. The undesirable frequency coii?)onents, as 
described above, generally are those above 15 Hz. Thence, the 
filter 34 preferably comprises a low^pass filter having a cut- 
off frequency substantially of 15 Hz. It is to be recognized. 
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however, that the filter 34 may be other than a low-pass 
filter having a 15 Hz cut-off frequency, without departing 
from the principles of the invention. For example, the filter 
34 may have a narrower or wider bandwidth, so as to filter out 
5 noise or to pass fundamentals of signal frequency components 
determined to have forecasting significance and, in so 
configuring the filter's response, the filter 34 may have 
ch€u:acteristic8 of a band *pass filter or a notch filter, or 
both. 

10 The detect signal, so filtered, is routed to the 

rectifier 36. The rectifier 36 preferably is a full-wave 
rectifier so as to retain substantially all of the remaining 
detect signal for subsequent processing operations performed 
by the detection mechanism 18. However, it is to be 

15 recognized that a half-wave rectifier may be used without 
departing from the principles of the invention. 

The detect signal, so rectified, is routed to each of the 
slope up detector 38, the slope down detector 40, the slope 
trigger 42 and the peak detector 46. The peak detector 46 

20 detects the maximum cunplitude of the peaks of the detect 

signal and provides that information to the seismic magnitude 
processor 48. The peak detector 46 preferably resets at a 
predetermined interval, typically every 1 second, so as to 
provide relatively current information to the processor 48. 

25 The slope up detector 38, slope down detector 40 and 

slope trigger 42, in conjunction with the slope comparator 44, 
detect waveforms present in the detect signal indicative of 
precursor seismic activity. The slope trigger 42 determines 
when the detect signal crosses a predetermined voltage 

30 threshold and the signal's direction at each such crossing, 
that is whether the signal is increasing or decreasing in 
amplitude. When such crossing occurs, the slope trigger 42 
produces a triggering signal that is routed to the slope up or 
slope down detector 38 or 40 corresponding to the signal's 
t 35 direction. The triggering signals cause the detectors 38 and 
40 to detect the respective slopes of consecutive pairs of 
upwardly and downwardly directed transitions of the detect 
signal. The detectors 38 and 40 produce respective upward and 
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downward slope signals that are routed to and stored by the 
slope comparator 44. The slope co]i^)arator 44 coinpcures the 
relative magnitudes of the respective slope signals. If the 
slope conqparator 44 determines that the magnitude of the slope 
of an upwardly directed transition is greater than that of the 
corresponding downwardly directed transition, the slope 
CQii^>arator 44 produces a predetermined comparator signal that 
is routed to the seismic magnitude processor 48 to indicate 
that precursor seismic activity is present.. Otherwise, the 
comparator signal indicates the absence of such activity. So 
as to compare the slope of an upwardly directed transition 
with the slope of the associated downwardly directed 
transition, the slope comparator 44 resets the stored downward 
slope value upon receipt of each upward slope signal. 

The seismic magnitude processor 48, responsive to signals 
from the slope comparator 44, produces control signals that 
are routed to the I/O stage 20. For cosrparator signals 
associated with seismic waves, the seismic magnitude processor 
48 preferably produces a digital signal indicative of the 
presence or absence of precursor seismic activity. For 
comparator signals associated with acoustic waves, the seismic 
magnitude processor 42 preferably produces a digital signal 
indicative of the presence or cJ^sence of precursor seismic 
activity. If such activity is present, the seismic magnitude 
processor 48 produces a signal indicative of the potential 
magnitude of the earthquake likely associated with the 
detected precursor seismic activity. The seismic magnitude 
processor 48 determines that magnitude using the current 
maximum amplitude of the detect signal's peaks, as detected by 
the peak detector 46. Preferably, the processor 48 is 
calibrated so as to optimize accuracy in this determination. 
Calibration may be accoo^lished by any method known in the 
art, including by empirically deriving the relationship 
between a2q)litude and earthquake magnitude and storing that 
relationship preferably in the processor 48, either by look-up 
table, by formula or by other means. 

The seismic magnitude processor 48, when calculating the 
magnitude of a potential earthquake, preferably also adjusts 
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the calculation to compensate for any temperature-related 
inaccuracies, as well as for any inaccuracies associated with 
other ambient phenomena, as described above. 

Turning to Figiire 5, the detection mechanism 18 is shown 
5 in functional blocks representative of digital signal 

processing operations performed on detect signals associated 
with the electromagnetic wave sensing mechanism 12. The 
processing operations comprise filter 50, rectifier 52, 
presence detector 54, integrator 56 and seismic magnitude 

10 processor 55. In operation, the filter 50 and rectifier 52 

operate in substantially the same way as described above for, 
respectively, the filter 34 and the rectifier 36 used in 
conditioning detect signals associated with the acoustic and 
seismic wave sensors 10 and 14. However, the filter 50 

15 preferably comprises a low-pass filter having a cut-off 

frequency substemtially of 35 Hz. Moreover, the rectifier 52 
preferably comprises a half -wave rectifier. 

The EH presence detect 54 receives the rectified detect 
signal from the rectifier 52, as well as a predetermined 

20 threshold signal 53. The EM presence detect 54 compares the 
amplitude of the detect signal to the threshold signal. If 
the detect signal amplitude is at or above the threshold 
signal's amplitude, the EM presence detect 54 produces a 
presence signal that is routed to the integrator 56. The 

25 threshold signal 53 preferably is selected based on various 

factors, including the desired geographic range of the device 
(generally higher thresholds correspond to decreased range), 
and gains and losses of the signal conditioning mechanism 16. 
The presence signal preferably is a digital signal wherein a 

30 first value indicates the presence of precursor seismic 

activity and a second value indicates the absence of such 
activity. 

The integrator 56 integrates the presence signal over 
time. The integrator 56 stores and outputs an integrated 
35 presence signal that is routed to the processor 55. A non- 
zero value of the integrated presence signal indicates 
precursor. seismic activity and, thence, indicates that an 
earthquake is likely to occur. The magnitude of the 
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integrated presence signal generally is related to the 
magnitude of the indicated earthquake. That is, the duration 
of time over which the detect signal remains at or above the 
threshold signal generally is related directly to the 
5 magnitude of the indicated earthquake. 

The integrator 56 resets the integrated presence signal 
^ if the presence signal indicates the absence of precursor 
seismic activity for a predetermined period of time. 
Typically, that period of time is from about 6 to about 20 
10 hours • 

The processor 55 receives the integrated presence signal 
output by the integrator 56 and, responsive thereto, produces 
signals that are routed to the I/O stage 20. The processor 55 
preferably produces a digital signal indicative of the 

15 presence or absence of precursor seismic activity and, if such 
activity is present, the processor 55 prefersJbly produces a 
signal indicative of the potential magnitude of the earthquake 
associated with the detected precursor seismic activity. The 
processor 55 determines that magnitude using the magnitude of 

20 the integrated threshold signal. Preferably, the processor 55 
is calibrated so as to maximize accuracy in this 
determination. Calibration may be accon^lished by coiy method 
known in the art, including by empirically deriving the 
relationship between the magnitudes, and storing that 

25 relationship in the processor 55, either by look-up table, by 
formula or by other mecms. 

The I/O stage 20 alerts the user of a potentially 
impending earthquake. As shown in Figure 1, the I/O stage 
preferably comprises both a display alarm 64 €Uid an audio 

30 alarm 66. It is to be recognized, however, that the I/O stage 
20 may comprise these or other alarms, individually or in 
combination, without departing from the principles of the 
invention. 

In operation, the I/O stage 20 receives control signals 
35 produced by the seismic magnitude processor 48 and the 

processor 55 indicative of precursor seismic activity detected 
in sensed acoustic, electromagnetic and seismic waves. The 
I/O stage 20, upon receipt of any one or more signals 
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indicative a potentially impending earthquake, triggers the 
display alarm 64 or the audio alarm 66, or both. The display 
alarm 64 preferably comprises an alphanumeric display of the 
impending earthquake in terms of its magnitude, e.g., a 
5 Richter scale display. The display alarm 64 preferably 

further comprises indicator lights 68 for alerting the user as 
to whether the alarm is based on detections related to 
electromagnetic, acoustic or seismic waves. To that end, 
three indicator lights 68 are employed, each one corresponding 

10 to one of the sensing mechanisms 10, 12 and 14. When acoustic 
and electromagnetic waves concurrently indicate precursor 
seismic activity, the display alarm 64 reciprocates the 
displayed information between the two waves, and the indicator 
lights 68 indicate the detected wave being displayed at any 

15 time. 

As previously described, precursor seismic activity can 
be detected at different times in advance of the earthquake. 
Accordingly, the alarms preferably alert of any likely near- 
term earthquake. In particular, the audio alarm 66 is 

20 responsive to precursor seismic activity detected in seismic 

waves, because the advance time between such detection emd the 
onslaught of the earthquake is typically on the order of 
seconds to minutes. Preferably, the audio alarm 66 includes a 
clear alert corresponding specifically to that detection. For 

25 example, the alarm 66 may have a predetermined pitch, cadence 
or volume, or a combination thereof. 

The I/O stage 20 preferably comprises a decoder mechanism 
70 for receiving the various signals from the processing unit 
32, for decoding those signals and for producing driver 

30 signals corresponding to the display alarm 64 and the audio 
alarm 66. Although the decoder mechanism 70 is shown as a 
separate element of the I/O stage 20, it is to be recognized 
that the decoder mechanism 70 may be otherwise implemented 
without departing from the principles of the invention. For 

35 example, the display alarm 64 and the audio alarm 66 may 
include circuitry for receiving and decoding the signals 
produced by the processor unit 32 so as to drive the 
respective alarms. In addition, it is to be recognized that 



wo 95/24658 



PCTAJS94/02626 



22 

the decoder mechfuiism 70 may be integrated in the detection 
mechanism 18, particularly in the processing unit 32, without 
departing from the principles of the invention. 

Turning to Figures 6 through 9, a second embodiment of 
the signal conditioning mechanism 16 is shown respecting 
conditioning the detect signal associated with the 
electromagnetic wave sensing mechanism 12. As shown in Figure 
6, the second embodiment of the signal conditioning mechanism 
16 receives the detect signal produced by the electromagnetic 
wave sensing mechanism 12, routing the detect signal in 
peurallel both to a comparison function 72 and to a filter 
function 74. The filter function 74 produces frequency 
components from the detect signal in predetermined bandwidths 
for interpretation by the detection mechanism 18. The 
comparison function 72 produces a rejection signal 
representative of the detect signal, that rejection signal 
being used by the detection mechanism 18 to determine whether 
the detect signal indicates potential precursor seismic 
activity or merely noise. If the rejection signal indicates 
merely noise, the frequency components produced by the filter 
function 74 are rejected by the detection mechanism 18; 
otherwise, the components are interpreted so as to determine 
whether precursor seismic activity is indicated by any one or 
more of the frequency components. 

Turning to Figures 7A and 7B, the signal conditioning 
mechanism 16 comprises a first lead 76 and a second lead 78 
connecting the mechanism 16 to the electromagnetic wave 
sensing mechanism 12. Where the sensing mechanism 12 
comprises the AC power lines 13, the first lead 76 preferably 
is coupled to the hot or neutral lines of the wall socket 57 
in a home, office or the like. Similarly, the second lead 78 
preferably connects to the earth ground of such socket 57. 

The comparison function 72 comprises a voltage divider 80 
connected to the first lead 76 to receive the detect signal 
sensed by the electromagnetic wave sensing mechanism 12. The 
voltage divider 80 reduces the detect signal's voltage range 
to within the dynamic range of subsequent circuitry of the 
signal conditioning mechanism 16. As shown, resistor Rl 
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preferably has a resistance of 180 Kllohm, and resistor R2 
preferably has a resistance of 5 Kllohm. From the voltage 
divider 80, the detect signal is routed to a rectifier 82, 
The rectifier 82 prefereJ^ly is a half -wave rectifier 
comprising a diode Dl. As shown, the diode Dl is an 1N914, 
made by Motorola, Inc. of Schaumburg, Illinois. From the 
rectifier 82, the detect signal is routed to an analog-to* 
digital converter (ADC) 84 which produces the rejection signal 
by converting the detect signal from analog to digital. The 
rejection signal is provided to the detection mechanism 18 as 
described above. 

The filter function 74 comprises a frequency-dependant 
voltage divider 86 so as to defeat undesiredDle frequency 
components of the detect signal. The voltage divider 86 
preferably is implemented as a low-pass filter. As shown, the 
voltage divider 86 cosqprises two serially-connected resisters 
R3 connected to the sensing mechanism 12 by the first lead 76, 
and a grounded capacitor CI that is connected at its grounded 
terminal to the second lead 78. Resistors R3 preferably each 
have resistances of 50 Kilohm, and capacitor CI preferably has 
capacitance of 1 microfarad and is non-poleorized. So 
implemented, the frequency-dependant voltage divider 86 
defeats higher- frequency components and, in particular, 
reduces the 60 H2/I20 V line voltage to about every 5 V or 
less, peak to peak. 

The detect signal is routed from the divider 86 to a low- 
pass filter 88 so as to further defeat undesirable high 
frequency coii5>onent8 . The low-pass filter 88, as shown, is 
implemented using ganged active filters 90, as known to 
persons of ordinary skill in the art. The low-pass filter 88, 
so implemented, produces a relatively flat passband and a 
relatively steep stopband falloff . Although the low-pass 
filter 88 comprises two active filters 90, it is to be 
recognized that a greater or fewer number may be used without 
departing from the principles of the invention. Each active 
filter 90 comprises resistors R4 and capacitors C2 connected 
to an operational amplifier 92 . . Resistors R4 preferably have 
resistances of 50 Kilohm, and capacitors C2 preferably have 
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capacitances of 0.18 Bdcrofarad. The operation amplifier 92 
preferably is a LM324 produced by National Semiconductor 
Corporation of Santa Clara, California. The active filters 
90, so constructed, have cut-off frequencies of approximately 
17.7 Hz. 

The detect signal is routed from the low-pass filter 88 
to an adjustable amplifier 96. The adjustable amplifier 96, 
as shown, is implemented using operational anqplifier 98, 
resistor R6 and variable resistor R7, connected so as to form 
an inverting omplLfier as is known in the art. The 
operational amplifier 98 preferably is the above-described 
LM324, made by National Semiconductor Corporation. The 
resistor R6 preferably has resistance of 10 Kilohm, and the 
variable resistor R7 preferably has maximum resistance of 100 
Kilohm, so as to provide an amplifier having a maximum gain of 
10. In operation, the gain of the adjustable amplifier 96 
preferably is adjusted so as to amplify the detect signal and 
thereby increase the apparatus' sensitivity, while maintaining 
the detect signal's amplitude within the dynamic range of 
subsequent circuitry of the signal conditioning mechanism 16. 

The low pass filter 88 preferably is coupled to the 
adjustable amplifier 96 using capacitor C3 and resistor R5. 
The capacitor 63 isolates the adjustable amplifier 96 from DC 
drift, if any, of the low pass filter 88. The resistor R5 
overcomes any leakage of capacitor C3 so as to hold the 
inverting input terminal of the operation an5)lifier 98 at 
substantially OV. Resistor R5 preferably has resistance of 1 
megohm, and capacitor C3 preferably has a capacitance of 100 
microfarad, and is non-polarized. 

The detect signal is routed from the adjustable amplifier 
96 through a coupling capacitor C4 to a predetermined 
plurality of frequency detect channels 100. The capacitor C4, 
as shown, preferably has a capacitance of 100 microfarad and 
is non-polarized so as to capacitively couple the adjustable 
amplifier 96 to the frequency detect channels 100. 

In addition to the detect signal, each frequency detect 
channel 100 also receives a clock signal generated by a 
respective one of a plurality of clock generators 102. It is 
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to be recognized that the clock generators 102 may be 
implemented in any way known in the art without departing from 
the principles of the invention. Each frequency detect 
channel 100 produces an output signal that is routed to the 
analog to digital converter (ADC) 84. 

Turning now to Figure 8, an exemplary frequency detect 
channel 100 is shown in greater detail. Each frequency detect 
channel 100 con5>rises a high-Q band-pass filter 104 and an AC- 
DC converter 106. Each band-pass filter 104 preferably is 
implemented using one or more ganged MPIO universal monolithic 
switched capacitor filters ^ manufactured by National 
Semiconductor Corporation. As shown two such filters 108 and 
110 are used. Each switched capacitor filter 108 and 110 has 
an input terminal 112, the input terminal 112 of filter 108 
being capacitively coupled through capacitor C4 to the 
adjustable amplifier 96, so as to receive the detect signal. 
Each switched capacitor filter 108 and 110 also comprises a 
clock input terminal 114 connected to a respective one of the 
clock generators 102 so as to receive the clock signal 
generated thereby. Each of the switch capacitor filters 108 
and 100 comprises an output terminal 116. The output terminal 
116 of filter 108 is coupled to the input terminal 112 of 
filter 110, thereby ganging the filters 108 and 110 and 
providing for sufficient gain to maintain an adequate signal 
to noise ratio. The filters 108 and 110 are configured using 
a plurality of resistors R8 and a plurality of resistors R9. 
As shown in Figure 8, resistors R8 preferably have resistances 
of 91 Kilohm and resistors R9 preferably have resistance of 1 
Megohm. 

Tl band-pass filter 104 of each frequency detect channel 
100 has a passband gain and Q determined by the resistances R8 
and R9, and a frequency band determined by the frequency of 
the clock signal received at respective clock input terminal 
114. That is, the center frequency of each of the band-pass 
filters 104 is directly dependant on the frequency of the 
clock signal generated by the respective clock generator 102. 
As shown in Figures 7A and 7B, the clock generators 102 
generate clock signals from 100 Hz to 3,100 Hz in 200 Hz 
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increments. The band-pass filters 104 of respective frequency 
detect channels 100, in receipt of such clock signals^ provide 
passbands having center frequencies of substantially 1 through 
31 Hz, approximately in 2 Hz increments. The selection of 
5 resistances for resistors R8 and R9 determine the width of the 
pass bands. Using the resistances described above the pass 
band of each frequency detect channel 100 is approximately ± 
0.5 Hz for the lower frequency bands (that is, 1-12 Hz) to ± 
1.5Hz for the higher frequency bands (that is, 12-31 Hz). 

10 Thence, the frequency detect channels 100, as shown, divide a 
predetermined bandwidth of the detect signal, i.e., 1 through 
31 Hz, into 16 pass bands for routing to the ADC 84. It is to 
be recognized, however, that the detect signal's predetermined 
bandwidth may be less than or greater than 31 Hz, or may be 

15 divided into a greater or fewer number of passbands, or both, 
without departing from the principles of the invention. 

In each frequency detect channel 100, the output terminal 
116 of switched capacitor filter 110 is coupled to an 
associated AC-DC converter 106. Each AC-DC converter 106 

20 comprises a rectifier 118 and a ripple filter 120. As shown, 
each rectifier 118 is an active circuit cosprising an 
operational amplifier 122, resistors RIO, Rll and R12, 
capacitor C5 and diodes D2 and D3, as known in the art. The 
operational an^lifier 122 preferably is an LM324, made by 

25 National Semiconductor Corporation, the diodes D2 and D3 

preferably are lN914s, made by Motorola, Inc., the resistors 
RIO and Rll preferably have resistances of 20 Kilohm, the 
resistor R12 preferably has resistance of 15 Kilohm, and the 
capacitor C5 preferably has capacitance of 10 picofarad. 

30 The rectifier 118 receives the detect signal from the 

associated switched capacitor filter 110 at the operational 
amplifier's inverting terminal. To that end, the rectifier 
118 is coupled to the filter output terminal 116 through 
resistor RIO. It is to be recognized that the detect signal, 

35 as received by each rectifier 118, comprises frequency 

components determined by the passband of the associated band- 
pass; ^filter 104, that is, by the passband of the associated 
ganged switched capacitor filters 108 and 110. 
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Each ripple filter 120 preferably is a low-pass filter 
implemented so as to substantially remove ripple from the 
detect signal output by the AC-DC converter 106. As shown, 
the ripple filter 120 comprises an operational amplifier 124, 
resistors R13, R14, R15 and R16, and capacitor C6, forming an 
active low-pass filter as is known in the art. The 
operational amplifier 124 preferably is an LM324, made by 
National Semiconductor Corporation, the capacitor C6 
preferably has capacitance of 10 microfarad and the resistors 
R13, R14, R15 and R16 preferably have resistcuices, 
respectively, of 20, 10, 22 and 6.2 Kilohm. 

The filter 120 receives the detect signal at the 
operational an5)lifier's inverting terminal. The detect signal 
is received both from the switched capacitor filter 100, as 
coupled through resistor R13 and from the rectifier 118, as 
coupled through resistor R14. The ripple filter 120 outputs 
the detect signal at output terminal 126, the output terminal 
12(S coupling the filter 120 to the ADC 84. It is to be 
recognized that the detect signal output to the ADC 84 
comprises substantially DC levels representative of the peak 
amplitude of the frequency components passed by the associated 
ganged switched capacitor filters 108 and 110. The DC levels 
preferably are within the dynamic range of the ADC 84. That 
range typically is 0 to 5 volts. 

The ADC 84, preferably is a multi-channel converter 
board. One such converter board is the Model AI016-P, made by 
Industrial Computer Source of San Diego, California. The ADC 
84 converts to digital the outputs of each frequency detect 
channel 100, and provides the digital information to the 
detection mechanism 18. It is to be recognized, however, that 
the ADC 84 may comprise other structures, including a single 
converter together with a multiplexing mechanism, as are ]cnown 
in the art, without departing from the principles of the 
invent., on. 

The detection mechanism 18 receives from the ADC 84 
digital signals representative of the detect signal as output 
by the filter function 74, in particular, as divided into a 
plurality of frequency-defined signals. The detection 
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mechanism 18 also receives from the ADC 84 the rejection 
signal produced by the comparison function 12, as described 
above. The detection mechanism 18 preferably receives all of 
these signals substantially simultaneously • However, it is to 
be recognized that the detection mechanism 18 may receive such 
signals individually or in various combination, without 
departing from the principles of the invention. For example, 
the detection mechanism 18 may receive, in turn, one filter 
function signal together with the comparison function's 
rejection signal. 

The detection mechanism 18 preferably polls the ADC 84 at 
a predetermined rate, typically 1,000 times per second, for a 
predetermined time, typically 20 seconds. The detection 
mechanism 18 also polls in order to track the maximum peak 
amplitude of each channel over that predetermined time. The 
detection mechanism 18 preferably logs the maximum peak 
amplitude of each of the polled channels of the ADC, thereby 
conserving memory space which generally is subject to 
practical limitations. After the amplitudes are logged, the 
detection mechanism 18 resets, and repeats this polling and 
logging procedure. 

In operation, as previously described, the detection 
mechanism 18 determines from the rejection signal whether the 
filter function's signals indicate potential precursor seismic 
activity, or merely noise. Noise is indicated when the peak 
amplitude of the rejection signal equals or exceeds a 
predetermined value. Noise is indicated, for example, if the 
rejection signal exhibits peak amplitude fluctuations of ± 3V 
at a frequency of about 60 Hz. If noise is indicated, the 
detection mechanism 18 rejects the filter function's signals 
for a predetermined time. In the case of 60 Hz noise, the 
detection mechanism 18 rejects the signals for 20 seconds 
(this 20 second period corresponding to the polling duration 
described previously) , and continues to reject the signals in 
each subsequent 20 second period until noise is not indicated. 
If noise is not indicated, the detection mechanism 18 
interprets the filter function's signals to confirm whether 
precursor seismic activity is indicated and, if so, to 
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forecast the occurrence and nature of the associated 
earthquake • 

Precursor seismic activity is indicated when the peak 
amplitudes of a plurality of the respective signals produced 
by the filter function 74 equal or exceed a predetermined 
value over a predetermined time period. The exact plurality 
preferably is selected based on empirical calibration of the 
detect mechanism 18 so as to optimize the apparatus' 
performance. Typically , a majority of 10 to 12 channels 
comprise the selected plurality indicative of precursor 
seismic activity. The predetermined value generally is 
substantially the same for each channel, except at higher 
frequencies where the value may be decreased to compensate for 
losses associated with prior circuitry, particularly the 
filters of the signal conditioning mechanism 16. The 
predetermined value preferably is selected based on empirical 
calibration of the detection mechanism 18 so as to optimize 
the apparatus' performance. The predetermined time period 
also preferably is determined by empirical calibration. 
Typically, the time period is on the order of days. Empirical 
calibration is preferred because these parameters tend to vary 
with location, particularly because the depth of precursor 
seismic activity emd other geophysical characteristics tend to 
vary geographically. 

Turning to Figure 9, the detection mechanism's operation 
using the rejection signal and the filter function's signals 
is depicted. In step 140, the detection mechanism 18 
determines whether noise is present based on the rejection 
signal's content. If noise is present, the filter function's 
signals are rejected in step 142. Otherwise, the filter 
function's signals are analyzed, in step 144, to determine 
whether the signal is substantially present for at least the 
predetermined time period. The signal need not be always 
present during that time period. If the filter function's 
signals are substantially present for that duration, the 
detection mechanism 18 produces, in step 146, one or more 
control signals to drive one or more alarms of the I/O stage 
20, so as to indicate a potential impending earthquake. 
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If the filter function's signals are not present for that 
duration, the detection mechanism 18, in step 148, determines 
whether the filter function's signals have been inactive, 
i.e., lacking indications of precursor seismic activity, over 
a predetermined duration. Typically^ the time period is on 
the order of hours, and preferably is determined by empirical 
calibration. If the signals have not been inactive, the 
detection mechanism 18 returns to step 144. Otherwise, the 
detection mechanism 18, in step 150, determines whether one or 
more alarms of the I/O stage 20 are currently on, that is, 
alerting of a potentially intending earthquake. If not, the 
detection mechanism 18 returns to step 144. If any alarm is 
currently on, the detection mechanism 18 produces, in step 
152, one or more control signals to deactivate all alarms. 

It will be appreciated that the method and apparatus for 
detecting precursor seismic activity according to the present 
invention provides certain significant advantages. In 
particular, an impending earthquake may be forecast by sensing 
one or more physical parameters so as to detect precursor 
seismic activity that may be indicated therein. In addition, 
an impending earthquake may be forecast at selected times in 
advance of the quake, each advance time associated with 
detections of precursor seismic activity in a respective one 
of the sensed physical parameters. Moreover, the apparatus is 
easy to use, economical, reliable and portable, allowing 
people to receive forecasts in their local area. By using the 
existing AC power grid the present invention makes detection 
of precursor seismic activity possible in areas of both high 
and low population density, as virtually anyone connected to 
the AC power grid may use the grid as an antenna to sense 
electromagnetic waves associated with precursor seismic 
activity. These and other important advantages of the 
invention will be apparent to those skilled in the art to 
which it pertains. 

The foregoing description and disclosure of the method 
and apparatus has been directed to particular embodiments in 
accordance with the invention.: :It is evident, however, that 
many alternatives, modifications, and variations may be made 
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in the apparatus or method, or both, without departing from 
the principles of the invention. 

The terms and expressions which have been employed in the 
foregoing specification are used therein as terms of 
description and not of limitation, and there is no intention 
in the use of such terms and expressions of excluding 
equivalents of the features shown and described or portions 
thereof, it being recognized that the scope of the invention 
is defined and limited only by the claims which follow. 
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1. A method for detecting precursor seismic activity, 
co]q>rising: 

employing AC power lines to sense electromagnetic waves 
associated with precursor seismic activity and 
produce electrical signals representative of said 
sensed electromagnetic waves; and 

examining said electrical signals to detect said 

electromagnetic waves associated with precursor 
seismic activity* 

2. An apparatus for detecting precursor seismic activity, 
cosprising; 

an acoustic wave sensing mechanism for producing an 

electrical signal representative of sensed acoustic 
waves; and 

a detection circuit, responsive to said electrical 

signal, having a slope up detector, a slope down 
detector and a slope comparator, said slope 
comparator producing an indication of the presence 
of precursor seismic activity when the signal 
produced by said slope up detector exceeds the 
signal produced by said slope down detector. 

3. An apparatus for detecting precursor seismic activity, 
comprising: 

an electromagnetic wave sensing mechanism for producing 
an electrical signal representative of sensed 
electromagnetic waves; 

a detection circuit, responsive to said electrical 

signal, having a presence detector so as to produce 
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a presence signal indicative of precursor seismic 
activity when the amplitude of said detect signal is 
at least equal to the amplitude of a predetermined 
threshold signal. 

4. An apparatus for detecting precursor seismic activity, 
comprising: 

an electromagnetic wave sensing mechanism for producing 
an electrical signal representative of sensed 
electromagnetic waves; 

a first signal conditioning circuit having a filter 
function and a coii5>arison function, said filter 
function receiving said electrical signal and 
producing detect signals of predetermined 
bandwidths, and said comparison function receiving 
said electrical signal and producing a rejection 
signal; and 

a detection circuit, responsive said rejection signal and 
said detect signals, so as to reject said detect 
signals if the detect signals indicate noise. 

5. A method for detecting precursor seismic activity, 
comprising the steps of: 

sensing acoustic waves of selected frequencies; 

producing an electrical signal representative of said 
sensed acoustic waves; 

detecting the respective slopes of upwardly and 

downwardly directed transitions of said electrical 
signal; 

comparing said respective slopes; and 
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producing a conparator signal to indicate the presence of 
precursor seismic activity when said slope of said 
upwardly directed transition exceeds said slope of 
said downwardly directed transition. 

A method for detecting precursor seismic activity ^ 
comprising the steps of: 

sensing electromagnetic waves having selected 
frequencies; 

producing an electrical signal representative of said 
sensed electromagnetic waves; 

comparing said electrical signal to a predetermined 
threshold signal; and 

producing a presence signal indicative of precursor 

seismic activity when the amplitude of said detect 
signal is at least equal to the amplitude of said 
threshold signal. 

A method for detecting precursor seismic activity^ 
comprising the steps of: 

sensing electromagnetic waves having predetermined 
frequencies; 

producing an electrical signal representative of said 
sensed electromagnetic waves; 

filtering said electrical signal to produce detect 
signals having selected bandwidths; 

producing a rejection signal from said electrical signal; 

determining from said rejection signal whether said 
detect signals indicate noise; and 
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rejecting said detect signals when said detect signals 
are determined to indicate noise. 



8. An apparatus for sensing infrasonic acoustic waves and 
producing an electrical signal representative of sensed 
infrasonic acoustic waves, comprising: 

a body having a chamber, said chamber having an outer 

portion, a middle portion and an inner portion, said 
inner portion having a wall; 



a diaphragm having a base and a substantially domed shape 
and enclosing a predetermined volume, said diaphragm 
affixed to said body adjacent said outer portion of 
said chamber so as to form a sealed cavity, said 
cavity including said predetermined volume of said 
diaphragm and said chamber; 



a magnet disposed in said inner portion, affixed to said 
wall and producing a magnetic field; 

a first transmission element disposed in said outer 
portion and affixed to said diaphragm, said 
diaphragm being sensitive to acoustic waves having 
infrasonic frequencies; 

a coil disposed in said inner portion, adjacent said 

magnet, and having a predetermined shape adapted to 
accommodate motion of said coil within said inner 
portion relative to said magnet; and 

a connecter disposed through said middle portion of said 
chamber, said connector affixed at one end to said 
first transmission element and at the other end to 
said coil so that, when infrasonic acoustic waves 
deflect said diaphragm, said deflection is 
transmitted to said coil, causing said coil to move 
through said magnetic field of said magnet so as to 
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induce £ui electrical signal in said coil 
representative of the infrasonic acoustic waves, 
said diaphragm, transmission element and coil having 
a frequency response selected so as to be maximal 
over a range of frequencies associated with 
precursor seismic activity* 

9. An apparatus for detecting precursor seismic activity, 
comprising: 

an acoustic transducer having a body, said body having a 
chamber, said chamber having an outer portion, a 
middle portion and an inner portion, said inner 
portion having a wall; 

a diaphragm having a base and a substantially domed 
shape and enclosing a predetermined volume, 
said diaphragm affixed to said body adjacent 
said outer portion of said chamber so as to 
form a sealed cavity, said cavity including 
said predetermined volume of said diaphragm and 
said chamber; 

a magnet disposed in said inner portion, affixed to 
said wall and producing a magnetic field; 

a first transmission element disposed in said outer 
portion and affixed to said diaphragm, said 
diaphragm being sensitive to acoustic waves 
having infrasonic frequencies; 

a coil disposed in said inner portion, adjacent said 
magnet, and having a predetermined shape 
adapted to accommodate motion of said coil 
within said inner portion relative to said 
magnet; €uid 
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connecter disposed through said middle portion of 
said chantber, said connector affixed at one end 
to said first transmission element and at the 
other end to said coil so that, when infrasonic 
acoustic waves deflect said diaphragm, said 
deflection is transmitted to said coil, causing 
said coil to move through said magnetic field 
of said magnet so as to induce an electrical 
signal in said coil representative of the 
infrasonic acoustic waves, said diaphragm, 
transmission element and coil having a 
frequency response selected so as to be maximal 
over a range of frequencies associated with 
precursor seismic activity* 
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